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The purpose of this thesis is to introduce the reader to Ferroelectric memory 
and discuss considerations for possible space and Naval aviation applications. 
Ferroelectric memory’s characteristics and basic mechanism are discussed. A 
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I. INTRODUCTION 



The purpose of this thesis is to introduce the reader to FerroElectric Memory 
(FEM) and discuss possible space and Naval aviation applications of this promising 
technology. FEM is a new type of semiconductor computer memory based 
manufactured with ferroelectric materials. It is referred to as Ferroelectric Random 
Access Memory (FRAM®— Ramtron registered trade name) or FER roelectric 
Random Access Memory (FERRAM) by companies and agencies researching and 
developing FEM. Ferroelectric memories have several desirable attributes 
including non-volatility, low power, high speed, small size, high memory capacity 
and inherent radiation hardness. This thesis will also discuss some existing forms 
of space and aviation computer memory as possible applications of FEM. 

A. PRINCIPLES OF FERROELECTRIC MEMORY 
1. General Description 

FEM semiconductor chips utilize a thin film of ferroelectric material as 
the dielectric capacitor material. They are similar in design and overall function 
to Dynamic Random Access Memory (DRAM) chips. A ferroelectric material has 
the ability to shift between two polarization states based on the orientation of an 
applied electric field and then maintain the polarization state present before the 
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field is removed. Therefore, FEM actually stores binary data in the polarization 
state of the ferroelectric material itself (Josefson, 1990, p.l). This chapter will 
discuss characteristics of ferroelectric based computer memory. 

Ferroelectric properties have been found in several compounds including 
barium titanate and lead-zirconate-titanate. The most promising results have been 
attained with Lead-Zirconate-Titanate (also known as PZT) and a yet undisclosed 
Symetrix substance designated as " Yl" . Both of the compounds are formed of unit 
cells with a cube-like structure named Perovskite after Count L. A. Perovski who 
discovered them (Wight, 1990, p.12). 

2. Perovskite Unit Cell Structure and Binary Data 

Figure 1 shows two perovskite unit cells and the two possible stable 
positions for the unit cell’s central atom (designated as "B"). The two stable 
positions can be directly correlated to binary data. For instance, "one" could be 
assigned to the top position and "zero" to the bottom position. 
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An electric field occurs when there is a difference in electric potential 
between two plates of a capacitor. If a positive voltage is applied to the top plate 
and a negative voltage to the bottom plate, then a "positive" electric field will arise 
pointing from the bottom plate toward the top plate. 

In the unit cell, the "B" atom can be toggled between the two stable 
positions by applying an external electric field across the ferroelectric material 
pointing toward the cell’s top or bottom. For example, to write a "one", an 
electric field is applied pointing towards the top of the unit cell. When the electric 
field is removed, the "B" atom remains in the top "one" position held by 
molecular forces. When an electric field is applied pointing toward the bottom of 
the unit cell, the "B" atom toggles to the bottom "zero" position and remains 
there. 

During the manufacturing process, the thin film of ferroelectric material 
can be aligned so that the unit cell’s stable positions are aligned nearest to the 
upper surface and lower base of the film in a process called annealing. Figure 2 
shows a simple FEM memory cell. The resulting electric field across the 
ferroelectric layer (between the top and bottom capacitor plates) would toggle the 
"B" atoms in the unit cells. 
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Figure 2. Simple FEM Capacitor 



3. Graphical Description of FEM Binary Data Storage 

a. Polarization vs Electric Field 
The process of storing binary 
data in the perovskite unit cells can be 
described graphically with the hysteresis loop 
shown in Figure 3 (Josefson, 1990, p.9). The 
vertical axis is polarization (P) and the 
horizontal axis is applied electric field (E). 

The +P r represents the ''one" position and -P r represents the "zero" position. 
Characteristics of the hysteresis loop will be described next. 




(b) 



Figure 3. FEM Hysteresis Loop 
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b. Positive Saturation Polarization (+P st J 
Figure 4 depicts positive saturation 
polarization (+P sat ) that is attained when a 
full positive electric field is applied across the 
ferroelectric layer pointing toward the surface 
of the unit cells. This results from applying 
+5 volts to the top plate of the capacitor. The 
central atom toggles to the top of the unit 
cells in response. +P sat will remain as long as 
the positive voltage is applied. 




Figure 4. Positive Saturation 
Polarization 



c. Positive Remnant Polarization 
Figure 5 shows the level of 
positive polarization remaining after the 
positive electric field is removed. Positive 
remnant polarization ( + P r ) represents the 
binary "one" stable position. A simple 
analogy to the stable position would be 
bowling ball in the left gutter of a bowling 



(+P r ) 




lane. The ball would not be able to get to the 

right gutter unless someone physically lifted it out and rolled it to the other side. 
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Due to the molecular forces holding it in position, the central atom is unable to 
switch positions without the external force of an applied negative electric field. 



d. Negative Saturation Polarization (-P S J 
Figure 6 shows negative 
saturation polarization the polarization 

state attained by applying a negative electric 
field across the ferroelectric layer pointing 
toward the base of the unit cells as the result 
of +5 volts being applied to the bottom 
capacitor. The -P sat state will remain as long 
as the negative field is applied. 



- \ 

LU 




// 

rj / 


> -Psat 







Figure 6. Negative Saturation 
Polarization 



e. Negative Remnant 
Polarization (-P r ) 

Figure 7 represents negative 
remnant polarization (-P r ) that remains when 
the negative electric field is removed. A 
binary "zero" has now been written. In the 
absence of an applied electric field, the "B" 
atoms will remain in this position indefinitely. 




Figure 7. Negative Remnant 
Polarization 
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B. DESIRABLE CHARACTERISTICS OF FERROELECTRIC MEMORY 



1. Non-Volatility 

A volatile memory loses the data stored in it when power is removed. 
Volatile memories include Dynamic Random Access Memories (DRAMs) and 
Static Random Access Memories (SRAMs). Non-volatile memories include core, 
plated wire, bubble, magnetic tape and magnetic disk memories. (Chapter Two 
discusses these memory types.) FEM does not require power to maintain data since 
information is stored as distinct atom positions which are held in place by 
molecular forces. Currently, FEM researchers agree that data can be maintained 
without power for a minimum of 10 years (Messenger, 1988, p. 1461 / Bondurant, 
1992, phone conversation / Wrobel, 1987, p.l). 

2. Insensitivity to Magnetic Field 

Since the mechanism of FEM data storage is molecular attractive- 
repulsive forces, data is not affected by magnetic fields. The only way that the 
central atoms can change position is under the influence of an applied electric 
field. Magnetic fields do not affect the unit cell molecular forces. Magnetic tapes 
and disks are two examples of memory that can be altered or damaged by 
magnetic fields. 
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3. Radiation Hardness 



Since data is held in place by molecular forces, FEM is inherently 
radiation hard to Single Event Upsets (SEUs) and memory cell damage without 
shielding (Scott et al, 1989, p.1444 / Wrobel et al, 1987, p.3). Gamma radiation, 
high energy particles or neutrons would have to physically hit and displace 
individual atoms in a unit cell in order to affect its polarization state. The smallest 
FEM cell theoretically possible (due to dielectric constant constraints) is 2/jl x 2/h 
x 0.2 n = 8 x 10~ 19 m 3 (Araujo, 1992, phone conversation). It is estimated that 
each perovskite unit cell is about 3 angstroms wide (Bondurant, 1992, p.l). This 
would result in — 2.69 x 10 10 unit cells per memory cell. If some atoms were hit 
and their positions changed, the memory cell’s overall polarization would not 
change. It has been estimated that the minimum P r needed for a FEM device to 
distinguish between polarization states is 0.5 /iC/cm 2 (Fisch et al, 1990, p.239). 

Several ferroelectric devices have been tested for SEU and radiation 
damage hardness. Table I shows some FEM radiation hardness test results. No 
ferroelectric devices showed SEU. A few non-PZT and some PZT devices made 
by Krysalis showed permanent damage under shorted test conditions. Ramtron 
FRAM® chips have been proven Single Event Upset (SEU) equivalent to radiation 
hardened SRAM chips (Bondurant, 1992, phone conversation). 
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Table I. FERROELECTRIC DEVICE RADIATION TEST RESULTS 



Test Object 


Test 

condition 


X-ray Dose 
Rate 


X-ray Total 
Dose 


Heavy Ion 
Dose 


SEU 


P r Loss 


Reference 


Kry sails 
Test 

Capacitors 


AC bias 


1.2 x 10“ 
rad(si)/s 


4.5 x ltf 
rad(si) 


NA 


none 


60% due to 
10 12 cycle 
fatigue 


Wrobel et al, 
1988, p.3-4 


shorted 


1.2 x 10“ 


3600 


NA 


none 


none 


DC bias 


NA 


NA 


6 x ltf 


none 


none 




shorted 


NA 


NA 


8 x lCf 


none 


none 




Krysalys 

1987 

devices 


shorted / 
open 


NA 


NA 


16 x 10° ions 
/ cm 2 
(1.1 MEV 
Co 60 ) 


none 


Fail @ 10 x 
10 6 rad 


Schwank et 
al, 

1990, p.1705 


National 
Semi 
& Sandia 
Labs 1989 
devices 


shorted / 
open 


none 


Sandia: 10 % 
-30% 
National: 
20% 


p. 1707 


KNO 3 test 
device 
(4 samples) 


unreported 


NA 


NA 


0.5 x 10 6 rad 
1.1 MEV 
Co 60 


none 


12%, 50%, 
90% and one 
complete 
failure 


Scott et al(l) 

1989, 

p.1444-6 


PZT test 
devices 


shorted 


NA 


NA 


5 x 10 6 rad 
((1.1 MEV) 
Co 60 ) 


none 


2/8 failed 
6/8: 14% 


p.1449 


AC bias 


none 


17.5% 


p.1449 


open 


none 


unreported 


NA 


shorted 


2.6 x 10“ 
rad / s 


2600 rad 


NA 


none 


2/4: 10% 
2/4:10% 


p.1450 


DC bias 


none 


+ 5% 


open 


none 


6.7% 


Own Lab 
PZT 

capacitors 


open 


NA 


NA ' 


0.62 x 10 6 
rad(si) 


none 


— 25% 


Lee et al, 
1992, p.1-4 


512 bit test 
chip 


unreported 


1.2 x 10" 
rad(si)/s 


10 7 


NA 


none 


none 


Messenger, 
1988, 
p.1461 - 
1466 


NA 


NA 


6 x 10 6 


none 


none 
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Standard semiconductor chips are manufactured from non-radiation 

hardened materials. Since the ferroelectric material is radiation hard, ferroelectric 

semiconductor chips would be as radiation hard as the other materials used in 

manufacturing the chip. Wrobel and Schwank describe ferroelectric radiation 

hardness potential in the following quotes: 

It can be seen from the data presented, that ferroelectric capacitors have very 
high tolerance to total dose and dose-rate radiation environments. These 
capacitors merged with radiation hardened CMOS decoding circuitry, should 
produce a non-volatile RAM limited only by the CMOS hardness. (Wrobel, 
1988, p. 4) 

The small degradation in R ( — 2 P r ) for the Sandia and National capacitors 
indicates that, if the associated circuitry on a ferroelectric memory can be 
radiation hardened to present day levels of radiation hardness, then 
ferroelectric memories can be fabricated that will survive dose levels in 
excess of 10 x 10 6 rad(si). (Schwank, 1990, p. 1710) 

a. Environmental Radiation 

Environmental and cosmic radiation consists of high energy particles 
from solar flares, Van Allen radiation belts and galactic cosmic rays (Me Donald, 
1992, p. 26). This type of radiation causes SEU and slow degradation in standard 
semiconductor memory devices. 

As shown in Table I, FEM test devices have shown substantial 
radiation hardness. Heavy ion bombardment up to 10 15 n/cm 2 have damaged some 
PZT devices under short circuit conditions and devices made by Krysalis under all 
conditions. Other devices have performed well in heavy ion tests in all conditions. 
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The theoretical displacement damage threshold for FEM devices is 5 x 10 16 n/cnr 
for a x 9 fix 0.6[x memory cell (Messenger et al, 1988, pp 1461-1463). 

b. Nuclear Blast Radiation 

Semiconductor devices designed to withstand the radiation from a 
nuclear detonation are manufactured with special radiation tolerant materials and 
are heavily shielded inside the spacecraft. In an exo-atmospheric nuclear explosion, 
— 80% of the energy results in soft X-rays, —0.3% in gamma rays which cause 
the Electro-Magnetic Pulse (EMP), — 1 % in neutrons, and the remaining — 19% 
in the debris kinetic energy. 

Shielding would offer some degree of x-radiation protection for a satellite 
memory and other electronics. However, if a nuclear explosion was close enough, 
it is possible that x-rays could release enough electrons to disrupt the electric fields 
in an operating FEM device. This would obviously cause SEU. It has been 
estimated that an instantaneous pulse of 250,000 rads of x-radiation would cause 
SEU in a 6/i x 9 fx capacitor. (Messenger, 1988, p. 1463). Additionally, the EMP 
from a nuclear detonation would cause a current surge that could overload all 
spacecraft circuits and cause permanent damage. (Heins, 1992, personal 
conversation). 
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4. High density semiconductor 



a. No Moving Parts 

FERRAM’s are semiconductors. There are no moving parts to wear 
out or jam. This could allow a longer period of service. 

b. High density 

Another attribute of semiconductor memories is that they are high 
density. Currently, Ramtron Corp. is producing 64 Kbit FRAM chips and is 
designing a 256 Kbit chip. Symetrix calculated that their ferroelectric material’s 
dielectric constant should allow a minimum memory cell size of 2p. x 2 fx which 
would enable very high density FERRAMs. 

5. Low Power 

It is well known that semiconductor memories use substantially less 
power than other types of memory. Table II shows some of Ramtron’s FRAM 
power requirements. 



Table H. RAMTRON FRAM POWER REQUIREMENTS 



Component 


Static Power 


Read Power 


Reference 


FMx 1208 


55 pW 


44 mW 


FMx 1208 data sheet 


FMx 1408 


55 /iW 


83 mW 


FMx 1408 data sheet 


FMx 1508 


55 


220 mW 


FMx 1608 data sheet 
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6. High Speed 



FERRAMS are comparable to EEPROMs in operating speeds. Table III 



shows Ramtron’s FRAM operating times. 

Table III. RAMTRON FRAM OPERATING TIMES 



Component 


Read Access Time 


Read Cycle Time 


Write Cycle Time 


Reference 


FMx 1208 


250 ns 


500 ns 


500 ns 


FMx 1208 
data sheet 


FMx 1408 


150 ns 


300 ns 


300 ns 


FMx 1408 
data sheet 


FMx 1608 


150 ns 


300 ns 


300 ns 


FMx 1608 
data sheet 



7. Compatibility 

FEM is compatible with both silicon and gallium arsenide (GaAs) 
manufacturing technologies. GaAs devices have superior speed and radiation 
hardness. Even the three volt operating level of GaAs circuitry does not appear to 
be a problem for FEM. (Scott (2), 1989, p. 1404) 

C. UNDESIRABLE FEM CHARACTERISTICS 
1. Fatigue 

Recent FEM research has been focusing on fatigue— an undesirable 
characteristic that occurs from repeated toggling between polarization states. 
Fatigue is thought to be caused by oxygen vacancies that form in the ferroelectric 
layer. (Wight, 1990, p.l) It causes the hysteresis curve to flatten and the remnant 
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polarization ( + /-P r ) values to decrease in magnitude. As this happens, it becomes 
more difficult to distinguish between polarization states. Eventually (>10 9 -10 12 
cycles), most FEM materials will not hold data. Symetrix claims that their 
ferroelectric material (Yl) does not fatigue. In a comparison of write cycle limits, 
EEPROMs tend to fail after ~ 10 5 cycles. Table VI shows some fatigue tests and 
results. 



Table TV. FERROELECTRIC DEVICE FATIGUE TEST RESULTS 



Manufacturer 


Test # of cycles 


P r % of original 


Reference 


National Semi 


5 x 10" 


— initial value 


Schwank et al, 
1990, p. 1604 


Krysalis 


to 9 


50% 


Sandia 


10 9 


50% 


Krysalis 


>10 15 


unknown— still function 


Wrobel, 1987, p.l 


Ramtron FRAM 


10 8 


0 % loss 


Ramtron 


Ramtron test capacitor 


10'° 


75% loss 


Symetrix Yl 


2.8 x 10" 


100 % 


Moore et al 2 , 
1992, pp 9-10 



Symetrix made major breakthroughs in ferroelectric material fatigue in 
mid-1991. They have developed a family of materials designated as "Yl" that 
show no signs of fatigue up to 2.8 x 10 u cycles. They are currently pursuing both 
national and international patents and licensing agreements and have not yet 
disclosed the material’s composition. 
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2. Destructive Read Out (DRO). 



As previously discussed, writing a bit of binary data is a simple 
procedure of applying +/- 5 volts to the capacitors of a FERRAM memory cell. 
Reading the data is a little more complex. A predetermined read voltage (for 
example +5 volts) is applied to the memory cell. If the cell has a "one" stored in 
it, the atom’s position and corresponding polarity do not change. A current pulse 
that corresponds to the cell’s charging current is generated. The read circuitry 
senses this current pulse. If the cell has a "zero" stored in it, the atoms will toggle 
to the "one" position and a current pulse of the cell’s charging current plus a 
switching current is generated. The read circuitry can distinguish between the two 
states based on the total current. (Gnadinger, 1989, p.1-20) The problem is that 
in reading the zero, the data bit has been erased and must be rewritten. This 
procedure is called destructive readout. This characteristic is currently preventing 
FEM from serious contention for applications such as SDI (Alexander, 1992, 
phone conversation). Rapid read / restore and Error Detection And Correction 
(EDAC) software or differential partial cell sensing against a reference cell could 
virtually eliminate any problem with DRO (Messenger, 1988, p. 1461). The space 
shuttle computers use EDAC in all of their computer memories. 
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D. COSTS 



Currently only Ramtron is producing commercially available FRAMs. Their 
64 KByte / two transistor / two capacitor (2T-2C) FRAM with memory cell sizes 
— 150 /r sells for —$1.00 per KByte. These prices are similar to standard 
EEPROM prices. The price is expected to drop to —$0.50 per KByte in high 
volume production. Future FRAMs are being designed with a (1T-1C) memory 
cell. On 01 Dec 92 Ramtron announced that it will be working with Hitachi to co- 
develop a 4 Mbit Ferroelectric DRAM. (Bondurant, 04 Dec 92 phone 
conversation). It is reasonable to assume that costs will drop as more products are 
developed. 
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II. CURRENT MEMORY FORMS 



A. OVERVIEW IN GENERAL 

This chapter describes types of computer memory that are used by the 
military and / or are commercially available. The memory types will be broken 
down into three categories: 

• Magnetic memories 

• Semiconductor memories 

• Optical memories 

B. MAGNETIC MEMORIES 

1. Magnetic Core Memory 

Core memory is composed of rows and columns of hair-thin wires that 
intersect on small, (.013 in.) ferrite polarizing rings (Beyl, 1985, p. 1). The 
appropriate row and column wires are activated to write a single bit of data. A 
third wire is used to read the bit. (Beyl, 1985, p. 1/Talley, 1992, p.10) 

Core memory is still used in applications where there is a possibility of 
radiation degradation such as E-2 Hawkeye and EA-6B Prowler Navy aircraft. It 
is highly tolerant to radar and radiation sources and is still used in some Navy 
platforms. The Navy E2-C Hawkeye early warning aircraft has a 128 KByte 
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memory unit that contains core memory. (Stiles, p. 1) Table V shows core memory 
specific information. 



Table V. CORE MEMORY INFORMATION 



PRODUCT 


CTS Fabri-tek MMS /32 (32 K x 18 bit words) 


ACTIVE / STANDBY POWER 


80 W / 28W 


ACCESS / READ / WRITE CYCLE SPEED 


350 ns / 900 ns / 900 ns 


DENSITY( memory capacity) 


72 Kbyte 


ENDURANCE 


unlimited 


WEIGHT 


3.5 - 3.9 lbs 


SIZE (dimensions) 


9" x 6" x 1.4 " 


RADIATION TOLERANCE 


no unclassified data available 


COST 


$5000 


[ OTHER 


Standard military memory system from 1960 - 
1991 


REFERENCE 


Starnes, 1992, p.l / Beyl, 1985, pp 1 - 6 / 
Morford, 1992, p.10 



2. Magnetic Tape 

Magnetic tape ranges in type from 1/4" cassettes to 12" reels of one 
inch wide tape still used in some Navy applications. Many spacecraft use magnetic 
tape where gigabytes of memory are needed to store data required for 
applications such as weather pictures. 

For several military applications, mission operating software and 
databases are loaded onto computers using tape cartridges. Magnetic tape is still 
a very economical means of storing data. Table VI shows information on Techmar 
DAT tape storage system. 
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Table VI. MAGNETIC TAPE STORAGE INFORMATION 



PRODUCT 


Techmar DATavauit 4000 


ACTIVE / STANDBY POWER 


23 W average 


SUSTAINED DATA TRANSFER RATE 


183 Kbytes per second 


DENSITY( memory capacity) 


4 Gbyte per 90 meter DAT tape 


|| MEAN TIME BETWEEN FAILURE (MTBF) 


> 50,000 hours 


SIZE (dimensions) 


4" w x 14.75-1 x 7.11" h 


WEIGHT 


— 8 lbs 


COST 


Drive: $5995, Tapes— $89 per tape 


REFERENCE 


TECHMAR DATavauit literature 



3. Magnetic floppy disk 

Magnetic floppy disk is the most common type of personal computer 
secondary memory. The current sizes are 3 1/2" (1.44 MByte) and 5 1/4" (1.2 
MByte). They are very economical and their memory capacity is appropriate for 
personal applications but limited for many military applications. Table VII shows 
information on a Procom floppy disk drive. 



Table VIL MAGNETIC FLOPPY DISK SPECIFICATIONS 



j PRODUCT 


Procom PXF1440/II floppy disk and drive 


ACTIVE / STANDBY POWER 


4.4 W / 1.8 W 


| ACCESS TIME 


94 ns 


\ SUSTAINED DATA TRANSFER RATE 


250 Kbyte / sec 


DENSITY( memory capacity) 


1.44 Mbyte / 3.5" disk 


MEAN TIME BETWEEN FAILURE (MTBF) 


12000 hours 


SIZE (dimensions) 


External drive: 2" x 6” x 12" 


WEIGHT 


7 lbs 


COST 


$369 


REFERENCE 


Procom, 1992, p.24 
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4. Magnetic hard disk 

Magnetic Hard disks have much higher memory capacities than floppy 
disks. The magnetic hard disk is usually permanently installed inside of the hard 
disk drive although some hard disk 
cartridges are removable from the 
drive unit. Figure 8 shows a hard disk 
drive removed from its case. Hard 
disks are designed to spin constantly 
which results in constant power 
consumption. 

For aviation applications, a hard disk drive can be used only after the 
aircraft is in a stable flight profile, and must be heavily isolated from vibration. 
Hard disks may not be reliable and in fact may sustain permanent damage and data 
loss from the read/write head impacting the disk surface during non-normal flight 
situations. Computers containing hard drives can take minutes to reload if they 
encounter a software flaw or power is interrupted. 

For spacecraft applications, a fast spinning hard disk and disk access 
maneuvers would create torques that would have to be countered in order to keep 
the spacecraft stable. Table VIII shows Hewlett Packard hard disk information. 




Figure 8. Hewlett Packard Hard 
Disk Drive 
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Table VIII. HARD DISK INFORMATION 



PRODUCT 


Hewlett Packard HP 7957-59 Hard Disk 


ACTIVE / STANDBY POWER 


92 W average 


ACCESS / READ / WRITE CYCLE TIME 


17 ms / 1.4 ms per kbyte / 


SUSTAINED DATA TRANSFER RATE 


700 kbps 


DENSITY( memory capacity) 


81 GBytes 


MEAN TIME BETWEEN FAILURE (MTBF) 


73,000 hours 


SIZE (dimensions) 


12.8" x 11.2" x 5.1” 


WEIGHT 


23.2 lbs 


COST 


unavailable 


REFERENCE 


Hewlett Packard, 1992, pp 1-4 



C. SEMICONDUCTOR MEMORIES 

1. Programmable Read Only Memory (PROM) 

PROM is a non-volatile semiconductor memory. Programming a PROM 
chip is performed by electrically "blowing" fuse links that permanently write the 
data into the chip’s memory (Dressendorfer, 1991, p 1-3). To alter programming, 
the entire chip must be replaced. Table IX shows Fujitsu PROM information. 



Table IX. PROM INFORMATION 



PRODUCT 


Fujitsu MB7144H 


ACTIVE / STANDBY POWER 


130 mA / unavailable 


ACCESS / READ / WRITE CYCLE TIME 


55 ns / 24 ns / 60 ns 


DENSITY( memory capacity) 


8.192 Kbits 


| ENDURANCE 


write once 


SIZE (dimensions) 


1.26 " x 0.52" x 0.2" 


REFERENCE 


Fujitsu MB7144E/H data sheet, 1984, pp 201-215 
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